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POWER REQUIREMENTS OF THEE 200 BEV FACILITY
E. C. Hartwig and G. R. Lambertson

September 20, 1967

Tnn rocpones by your Logniry ol September 16, 16, the clectyic

power nceds of the 200 BeV accelerator lacility have been extensively

revicwed: the results are given in the answers below, llzipg the
scont o acblivity prescated la the Desion Study Report, a schsdule

of seeration v thie acezlerator and Tor the sxoeri antal eguinment

g boen davel Trhz schanule was modeled aftor the nroarans at

LiL, CERN, and Lol with modifcaticos appropriats to the rnew 200 BeV
facility. Totul power requirements presented here were derived from
this nodel of the mrojecet. Any such projections of the dotalled
ivitics of o wesearch projzel for o decads Into She future must
b= zubject to consideralble uncertainty; an allowante of * 320% in

the ne=ds of the labsratory wculd not bBe unreasonable.

Laswers to the questions follow.,

Lo Power depnthy rosl annual onetyy roqu! remen s e slven !'n

Tatzle L,

2. Bxample monthly power dermands and energy consunptions atfter
corpletica of construction are glven in Table IT, Fluctuations
in encroy Tigures result from an assunced shutdswn edule, the

-

o

sch
detalls of whleh are actually quite unpredictabls at this tipe.
Pawer fuctor would be mporoxientely 869 over tliu poriod,

3. 50 MVA la l-te=-10 sec, f-io=b pov cay:

The average valuc of the pulsed (on and of{ every 2.6 sccond cycle

of the accelevator) load is 50 MVA., This is supplied by geaerabors
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Table T.

IWh x lOb

cnl. Demand and Encrey

FN-81
2260

1/2 heuar Load Factor
Year Demond-FVA per year 8760 hrs/yr Comments
0-1 0.7 0,35 5% Title I
Clear site
Temp. sunport bldgs.
& 1.5 k.2 355 69 KV AC pawa
3 5.5 9,0 ~0% Maln substobioa
I 13.5 21.5 18% Linac, inject-r
13.8 KV AC
distribution
5 30.0 b1,0 16% Main ring comp-
' lete -
Superperiod "A™
6 50L0 120,0 25% Tione turn-on
P Jector taen=on
B TN
7 gc.0 160.0 23% "L PB
Main ring turn-on
"J" EPB
Construction complets
8 160,0 450.0 50% Operations phase
120.0 6£00.0 57% e INITIAL Loy OF »
! COOLING 1D
10 140,0 730.0 60% HERE -
11 150.0 800.C 6G1%
10 155, 850.0 5t
1.3 16,0 A70.0 60%

Operation Schedule
Holidays
Maintenance

Qutage

15 days
57 days

Demnnd Cor Non-operatlon perlods

Mindmum
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which obore nubctantinl quantitis oA ancrmy . The oongroinrs
: M . s

{ PR

nre deivan b uotorn with controllad powor iapat {woual wabny
sotore Por o comple) . The meisad loads moy boe toomipniod ehruptly
duaving cithery foobh ar oporation by the ~ceraiors or oafohr

interloslio, The motor dnvui powor will then he gulekly

to no-lcad losses In o time shich 1s simoly the gustien“ ~0 the
chance In mechanical gtored energy and ths overape ~otor inout.

The rotor larut power will be programmed to minimize nower rate
variatizas but 17 the interruption occurs near the 2ad of a
pulos iosteod of near the middle, the cut-off Sime will be only
one pecuad. Hesumptlon of pulsing will oe-estnblish the power

load o toen cceoonds,

S0 MVA ip 9.1 sec, O-to-l per day:

The largest clagle circult will ke 50 MVA., An overlcad or

salety interlack would frip the breaker In 100 millisec:ads.

1720 MVA in 10 wminutes, 1 per days

Ther 170 MVA Dond chaase represents Lhey nuloed ood pius the other
nornas Lowdn assacliated with the operablon of the accelerator and
the oxreriwcotol areas., Any shutdown Tor machine mailntenance
sehonal oroatierwise will require this =2quipment 4o tura ofT,
The pulsed Toad will terminate in ten seconds, the rest of the
load can b2 scheduled to go off over an iaterval o7 a f2w milautes,

~

UOCIVA T T = 60=-10 oo, mnximum 20 par- houvs

UOCTYA i O pee, t=fo~3 por doys

The deserlption off the leads 1n the come as for OQuesticn o, 3,
but occurronce Trequency of the "stop pulsing” and "resume
pulsing' commands expected 1s much higher than during normal
operations. It is nzt meant that the lecad changes will occur at

20 per hour for all hours of testing. The rate will frequently
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we much coaller, howevor it 15 a0t possible to prIdiat vhen and

SR RS

-

Cor o biow doae the nooad for ogueh sparaticn will e=xlch,

-
Y

sormel ool variatlong cra tho oonme ag ln o answer o Guantion o,
cetsiar o nroper Limit here 135 more dlfficult than tobulating

omGs ana enloulating requlatiza, I6 levolveo Judgmzabt as 4o

4

what ronlly will he detrimental To the accelerator ~roration,
Tt Lo oaebicipnted that munh equipment will be previao i with
Lullb-ln pulators Leeouse ths telerance 1a iss -ubnubd is much
sralicr Shan nould bBe reallzed Ty a well-contralled rowor

systom., Dramnles are Loam beading magnct nower reclliliors which
are ragularly designed for 0.0L% control of current. OF course,
the nowver sunply voltage perturbation adds to the masnet resistance
variaticn t2 lnerease the rance, and henee size, ¢t the regulator
an wall an b required loop gnln of the ampliTler, Tioop pndn

1o cheny o tormo of oloctroanle componenbys but the palo-handwldth

product ol o deyvice I Dinltc so that locrease poin wonnlly mesno

A sneridice Io the freguency response of the daviee,

are? will ©2 othor »anpes 2@ required voltass stability, Tov
exanple, tThe quadruzncles of the Injector Limac can nritably
tolerate ns much as 19, luch of sxperimenter electronics,

counting cauipnent, axperimenial. sotups ln the laborotories,

clogal aclroult V'S and computers are alse 1o this ~unee,  Alseo,
the Lther customars of the utility who are connectoed rear the poloh
of load will have complaints at aumbers a bit higher Shaa 10, Tor
2% change produces a noticeable size chanps on a

crean,

The leboratovy power system is made of several 50 MVA transfornmers.

Tha necondacios wll)l be soporatod go that the verious hiads of losadso
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R R 1 I I 05 4 Lioas poouible,
Ve bty Dimiuatlon ol the voltnen stability sh-ald bn
the oo uinbion o Bhone SpraecComarn ool nob the | ower ovdl
Ceadiog e Sreinnloeien o The draae Corman e w1 eave oy shioeh

diven Lt VA o0 006 Lo TN IVAL oo e mrid chowld b ot

- [ T weten s v Sl .
neast 000 o OCCO IVA, walch vernits o 1% voltace sl o

[

id.

the o

Looendoulating the voltnge variafi-n produced Ly a curreat

P BRIV AT (R oeon 1o+ X oola o T,

Lnothe power Taztor angle,

ey ovart Lo oso snall whea added in auadrushure that 1k

con Ly oranieciad, Thas, the relative voltass chdneo oan be

crnpeoosd o horng of the nower chance ns

v Trhert oilrenit
The ronces cireuit Lafermaticn normally is de
rropst agalleation of the clrcult breaker to be inctsidled. It

L.

. o wncredcre, caloulated with all generati

ing cgulr-2at connecied

n
and vl Howevew, less than L0CTH of She copnraiors are oo

Ghee e mueh of the Hina,

In contrasy o leeabion: where the souvre lmpodance lo detormined
Ly the Line or transformer, the nccelerator will be coanected ba
a very low lmpodance point of the system., In this casze, the
Impedance will Lie datersined by the actual number of genorators

connected. The gquoted VA should then e reduced by a factor to

H
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3
H
]
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ual conditicns when calculating the regulation.
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caztor not yet evaluated arises from bhe Tact

thot oy load thangoo sreurring in aboub one gooond tHhe Srong-

>: rather than sub-trassient reoctance shauld he

ased; vhis will inureasz the source impedance and the ol tage
repuiation by as much as o factor of two, On the other hand
the time Lo oo zhord for most penerator voltope ranulators to

e offceotiva,

Toocolwalate the short eircult LVA, a factor -f 0.7 has hLeen

usec Jor the above adiustrment. Also assume

oY

R

T

(50 = 1_06) (0.68)
(C.7, (C.0L)

YA = ——= <= (% cog 9 + sin 0)

= #8650 % 10° kVA.

3. Taers cppears 4o be listle in the accelerator do 2eipn, other than

nlectric rlocks, which 15 sonsitlve o frequency. OF coursa, the
rhoral cnerpy i the notor-gonorator systom will bo affectad, but
tlds Io ol obloctlionable unleas the oxcurnlon 1o Inrea, A
Dweauin oy tolorance of 1% appenrs to bLe adequate. The normel

frequesey control of power networits 1s betiter than this.
1 N E

9.a) Charzes in tecanolosy could alter the types of research equip-

i

ent in uge. An example wuld be the advent of large-scale use

of supercenductors in magnets., In the egstimates made above, anly

the lorge bubble chamber was aopumed to have superconducting
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mamiet coils,  Aboulb thiree years after the cnl of conctruction,
35 MY of averagse load will be rectifler-noverzd d,c. magnchs.
Exbonnive uose of cunoreonducting colls would »oduce thils lead

to about 5 ¥ ol motor load Tor the eryosznic gysieag, Those
rstems would operate with fewer interruptions than ihe

1
5

cryopnnie o

correspondins conventicnal rmagnets.,
L )

(1) Ta thn program of a vesearch facility, unexroctod projects oy

arice o any tine, To allow experimontal deveolopment o0 procead

PN

withoui deley the loboratory chould be free %o introdune new
equipmens and operatizsg procedurcs, For example, 1% should be
possible to test new pulsed devices in the development labora-
tories withoub interference to other ecquinment of the project and
without the aned of a flywheel-bulfered power source. Also, 1T
would he Aisadvantocecus 1L the use of new or added devices had
to awd b bhe cxpannicn off the power sycten,  Thue, the Lhoxibllity
of‘the novaer achwark to supply chanclng loada 1n g pooitlve acset
to the laboratory,

(¢} The expected rate of power ilnterruptions would detorrine the

amoun’ ol cmergency pover facillties required on the site, A

modest amount, about 5 MW, of emergeacy mower can allow operation

o rooune witidln one hour affter o briel lnterruptlion that lastc

3

lons than nn howr,  On Ghe othor hand, an dntorrvapblon ol o Low
.

houre Lo syptemn malotolning hlch vacuun oy Low tenporature moy

requize nany additional hours to recover operati ng conditions.



